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ABSTRACT 

Simultaneous microwave and X-riiy observations are 
presented for a solar flare detected on 1980 Nay 8 starting at 1937 UT. 
The X-raty observations were made with the Hard X-Ray Burst Spectrometer 
on the Solar Maximum Mission and covered the energy range from 
28-490 keV with a time resolution of 10 ms. The microwave observations 
were made with tite 5 and 45 foot antennas at the Itapetinga Radio 
Observatory at frtK)uenc1es of 7 and 22 GHz» with time resolutions of 
100 ms and 1 ms respectively. Detailed correlation analysis of the 
different time profiles of the event show that the major ln^ulslve 
peaks In the X-ray flux preceded tire corresponding microwave peaks at 
22 GHz by about 240 ms. For this particular burst the 22 GHz peaks 
preceded the 7 GHz by about 1.5s. CKrserved <te1ays of the nricrewave 
peaks are' too large for a simple electron beam model but they can be 
reconciled with the speeds of shock waves In a thermal model. 


’Ihlaemorlan (1942-1981) 

Research Associate, Applied Research Corporation 
♦* INPE operates CRAAN and Itapetinga Radio Observatory 
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1. INTRODUCTION 


AccMr«tt Masurenents of tlalng and flux rtlatlonahips 
between bard X^roys and short wavelength radio eartsslon fron solar 
bursts are crucial for the understanding of the 1npt*U1vt stage of 
solar flares. Extensive discussions on theraal and non-theraal 
Interpretations of early phases of bursts have been published (e.g. 
Kahler 1975. Kane et a1, 1980. Brown and Snitfi 1980). but the result 
are still far fron conclusive. Continuation of these researdies 
depend on new and nore refined simultaneous measurements In different 
energy ranges with better spatial, temporal and spectral resolution. 
Some basic questions sudi as whether hard X-rays ard microwaves are 
emitted by the same population of energetic electrons and If thq/ are 
emitted at the same spatial location can be addressed by precise 
timing measurements. 

Present knowledge of temporal relationships between 
emission at different microwave frequencies and between microwave and 
hard X-ray emission has. until recently, been restricted by timing 
accuracies of no better than a second. Uralov and Nefed'eV (1976) 
and Wiehl et al ♦ (1980) have presented observations showing the lower 
frequency microwave emission delayed by several seconds compared to 
the higher frequency emission. Kaufmann et al. (1980a) showed that, 
for a c(x^)1ex burst, the general time structures were delayed by 
-2s at 7 GHz con^ared to similar structures observed at 22 GHz. 

Other flares, however, show delays either for the lower frequency 
emission or for the higher frequency emission In the region of mm-cm 
wavelengths (Kaufmann et al. 1982a). Previous hard X-ray observations 
have shown good correlations with the microwave emission within the 
1-2 s time resolution generally available (Parks and Winckler 1969. 
Kane and Anderson 1970. MBtzler et al , 1978). Crannell et al. (1978) 
have.however, pointed out that hard X-rays are likely to occur 1-2 s 
prior to the microwave emission. Crannell et al. (1980; 1982) have 
also shown that, for one particular flare, the microwave emission was 
(telayed at all frequencies compared to the X-ray emission and that 
the amount of the delay was dependent on the absolute value of the 
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difftirenct bttMttn thftobstrvtdfraquftiicy and tha fraqtitnqy at which 
the flux was a MxIiMai, with tha longar dalay far tha gi^tar 
diffaranoa. 

« 

Ha discuss In this papar tha first axM^la of a burst 
obsarvad simultaneously In nricrowavas and hard X-rays with sub- 
sacond time resolution. 

2. OBSERVATIONS 

The solar flare of 8 May 1980 at 1937 UT was tha first 
avent that was (^served with the Hard X-ray Burst Spectromatar(HXRBS) 
on the Solar Maximum Mission with 10 ms time resolution and 
slmultar^ously with ^e Itapetinga microwave antennas at frequencies 
of and 7 GHz. Details of the InstrumenU used to make the 
observations are given Table I. The flare was classified as SB In Ha 
and M2 In soft X-rays; It was located at S22W29 In the NOAA active 
region 2418 (Hale number 16815) (NOAA, 1980). 

In Figure 1 we display flux-versus-tiroe profiles for 
the conq:>1ete event In microwaves at 7 and 22 GHz, and In hard X-rays. 
The burst had no linear polarization component at 22 GHz and had a 
40 percent left-handed polarization at 7 GHz. Major peaks 2 to 3 $ 

In duration repeat at an average time Interval of 5.5 s. A more 
slowly varying component appears to underly these major peaks. Sonm 
significant ultra-fast structure on a time scale of less than 1 s can 
be distinguished at 22 GHz and also In the X-ray emission (see also 
Figure 3). 

3. TEW>0RAL ANALYSIS 

In order to determine the temporal relationship 
between the 7 GHz and the 22 GHz emission, the data covering the 
total duration of the event at these two frequencies were cross- 
correlated. The resulting cross-correlation coefficient Is plotted 


t 
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In Figur* 2 as t function of tho daisy of t&t 7 Ote data. This plot 
shows clearly the 5.S s quasf*peHod1c1ty (olao evident in Figure T 
and ^e X>rey power spectrua) and also tte overall 1.S4 s delay of the 
7 GHz ealsslon coapared wlHi tiie 22 GHz ealsslon. This delay can be . 
seen directly In Figure 3 where ^e aajor peaks In the ^ree data sets 
are plotted on an expanded time scale. 

The snail rapid variations In the 22 GHz flux shown In 
Figure 3 are all of solar origin; the Instrumental rms deviation Is 
only 0.03 sfu. They may be of the sme nature as tiie ultra-fast time 
structures reported previously by Kaufaann et a1 . (198(H>}. Ary such 
features at 7 GHz would be smoothed out by the poorer time resolution 
(100 nis) and lower sensitivity (rms deviation of 2 sfu) at tills 
frequMicy. Some of the rapid varlatlora In the X-ray counting rate 
are also of solar origin as Indicated by the statistical uncertainties 
shown In Figure 3. Note that roary of the fast structures seen at 
22 GHz as also present In the X-ray data. Noreover, Figure 3 reveals 
a delay In the overall microwave time profile compared to the X-ray 
time profile. Direct measurements at the half Intensity levels of the 
major peaks Indicate that the 22 GHz emission Is delayed by - 250 ms 
and that the 7 GHz emission is delhyed by - 1.66 s both with respect 
to the X-ray emission. 

A more quantitative method of determining the delay of 
the 22 GHz emission Is to cross -correlate the 7 s of hard X-ray and 
22 GHz data covering the major peak of the event from 19^37*12* to 
19**3flPl9* UT (shown In Figure 3). After averaging the data Into 30 ms 
samples, the two data sets were cross-correlated using two different 
methods of data preparation. 

The first method renders the cross -correlation function 
(CCF) sensitive to the relatively slowly varying component In the data 
sets. Two such calculations Involving subtracting either the means of 
the data sets or quadratic trends gave peaks In the CCF corresponding 
to microwave lags of 300 and 240 ms, respectively. The second method 
of data preparation renders the CCF sensitive to tiie more rapidly 
varying structures In the data sets. In this method the data In eadi 
set was first smoothed with a running-mean filter and then this 
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smoothed data were subtracted froi the original . TVfo C^t were 
ccNBputed on the resulting differentts* one for a 31 point (0.93 t) 
running naan and the other for a 17 point (0.0S1 s) running Man. Both 
gave microwave lags of 240 ms. The uncertainties In these differMt 
cross'correlatlon techniques are of the or<fer of the 30 ms tiM 
resolution used. Consequently, we conclude that botii tiie fast 
features and the more slowly varying component of the 22 GHz emission 
lag the X-ray emission by 200 to 300 ms. 


4. DISCUSSION 


Hie major result of the simultaneous hard X-ray and 
microwave observations with sub-second time resolution Is that the 
peaks In hard X-rays precede similar peaks at 22 and 7 GHz. The 
dynamic spectrum for the observed burst on 1980 May 8 at 1937 UT Is 
as follows: (a) the 22 GHz time structures are delayed by i^out 240 
msec with respect to the corresponding hard X-ray structures; (b) the 
7 GHz time structures are delayed by about 1.5 sec with respect to 
the 22 GHz structures; (c) the maximum time at 2.8 GHz reported by 
Ottawa, NRS (NOAA, 1980) Is delayed a further 2 sec w1^ respect to 
the 7 GHz maximum. Note that this time sequence of emission at micro- 
wave frequencies observed for this event Is not a general rule valid 
for all bursts (Kaufmann et a1 . 1982a). 

Time structures In hard X-ray bursts with time scales 
of seconds are well known (Frost, 1969, van Beek et a1 . , 1974). Quasl- 
perlodlcltles of several to tens of seconds In hard X-ray and micro- 
wave bursts were also well known (Parks and Uinckler 1969, Janssens 
et a1 . 1972). They are probably of the same nature as those presented 
here. 


The repetitive character of the superlRqM>sed tiM 
structures can be attributed to a number of possible primary medianisms 
(Brown and Smith, 1980). They arijpit be considered as Independent 
superinqwsed bursts, the so called "Elementaiy Flare Bursts”, 
irrespective of the primary mechanisms with produce them (van Beek 
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et •! . 1976; de Jagtr and dt Oonga, 19781. 

Hit currently best accepted Models (Ascribing hard X-riy 
and Microwave production tn the Impulsive phase of a flare are the to 
called thermal and non*therma1 models (see. for example. Brown 1976. 
Rust and Emslie 1979.' Brown and Smith I960}. In a hybrid model 
(Emsiied and Vlahos. 1980). X-rays are in part produced by thermal 
bremsstrahlung from trapped electrons near the top of a magnetic loop, 
and in part by thick-target bremsstrahlung from fast electrons 
streaming down and interacting with the denser chromospheric pluma 
at the foot-points of the loops. Microwaves would arise frtwi gyro- 
synchrotron emission from the trapped electrons contained by anoMlous 
conduction fronts moving away from the top of the magnetic loop at 
relatively slow spee^ near the fon-aco'istic phase velocity* Without 
going into details, all models appear to predict hard X-ray emission 
coincident or preceding' microwave emission. On the observational 
standpoint, however, more events have to be analysed with high time 
resolution in order to establish whether or not hard X-rays always 
preMde microwaves. Irrespective to their 4ynamic spectra. 

In attempting to interpret the present observational 
results, we must discard, initially at least, a plasma response to a 
beam of fast relativistic electrons since the observed delays ari^ too 
large. The observed time sequence for the burst analysed here, in 
which hard X-rays precede mn-waves which in turn precede cnHiraves. 
poses geometric problems for both models. 

In non-therroal models one might expect X-rays and 
microwaves to be closely correlated in time. The observed large 
delays could be an indication of plasma oscillations produced by an 
m.h.d. shock resulting from the primary explosion, similar to the 
metric type II mechanism. However, the primary source must be placed 
deeper in the chromosphere to explain the observed time sequence of 
the mm and cm waves . 

A thermal model with the primary explosion producing a 
m.h.d. expanding shock front moving upwards fr^ the lower chromosphere 


- 7 - 


was used ht Uralov and Naftd'av (1976}. ttlaM dt a1 . (1980} MtUMd 
tha fomtlon of a colllslonless conduction front In a slnilar 
geoMtiy. Sudi a conduction front novas upwards widi a spaad of 
about 1000 kn s~^ In tha lontar ^ronosphara whara dia alactron dansity 
Is assunad to dacraase axponentlally with halght. In such a nmtel tha 
frea>frae absorption cutoff fraqumcy dacreasas widi height, and radio 
anisslon w1}1 appear at progressively lower frequencies as oirsarvad. 
With such a geometry, the observed delays between im and cm waves are 
easily explained. 

An upward moving front would result In time 
displacements of die Initial .Increase In flux at different frequencies. 
This was not found In the event presently analysed. Note that. In 
Figure 3, as the 22 GHz flux Increased from 6 s.f.u. to 13 s.f.u., the 
7 GHz flux also Increased frm 52 s.f.u. to 60 s.f.u. 

The assumption of a primary source deep In the chromo- 
sphere does not correspond to the geometry roost frequency used by 
various authors (Sturrock and Smith, 1968; Strauss and Papaglarmis, 
1971; Brown et a1. , 1979; Rust and Emsile, 1979; Emsile and Vlahos, 
1980, etc.). Kundu and Vlahos (1979), discussing polarization 
characteristics of cro-wave bursts, have placed the primary source 
lower In a magnetic arch, but with the anomalous conduction front 
moving downwards. An extension of the thermal model reconciled with 
the present evidence Is being prepared for publication (Costa and 
Kaufnann, 1982). 

A remaining problem Is the delqy of the 22 GHz emission 
with respect to the X-ray emission. This can be explained from the 
difference In the lifetime of the electrons which produce the different 
types of radiation. The electrons which produce the X-rays at the loop 
footpoints have very short lifetimes < 1 s whereas at least some of the 
electrons which produce the microwaves are trapped near the top of the 
loop for a longer time > 1 s. Thus, the microwave time profile Is the 
Integral of the X-ray profile with a time constant of the order of the 
average electron trapping time. It Is still curious, however, that 
emission from the Initial electron beme Is not detected beforw It 
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produces X-rays at the footpoints in spite of the high sensitivity 
of the observations. This iiij^t be attributed to tht very small 
fraction of fast electrons with sawtll pitch angles which actually 
escape to the footpoints (Brown 1976» Kundu and Vlahos 1979). 
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TABLE 1 

X-RAY OBSERVATIONS 


Instrument 
Energy Range 
Beam width 
Time resolution 

Absolute tlmlr^ accuracy 
Reference 


Hard X-ray Burst Spectrometer on SHH 

28 - 490 keV 

Nhole Sun (40^ FNHM) 

10 ms - no spectral resolution 
120ms -15 channel spectral Information 
< 5 ms 

Orwig et aV. (1980) 


RADIO OBSERVATIONS 


Instruments 

Dish antennas at Itapetinga, Brazil 

Antenna diameter 

5 ft (1.5 m) 

45 ft (13.7 m) 

Frequency 

7 GHz 

22 GHz 

Wavelength 

4.3 cm 

1.35 cm 

Time resolution 

100 ms 

1 ms 

Absolute timing accuracy 

< 100 US 

< 100 us 

Sensitivity 

2 sfu 

0.03 sfu 

Polarization 

circular 

two orthogonal 
linear components 

Beam width 

Whole sun 2° HPBW 

4* HPBW 

Reference 

Kauftaann et a1. (1982b) 
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FIGURE CAPTIONS 


Figure 1: The hard X*rey and microwave time profiles of the solar 
flare on 1980 Hay 8 at 1937 UT. Seven seconds of data 
covering the major peak. Indicated by vertical dashed Vines, 
are shewn In Figure 3 on an expanded time scale. 

Figure 2; The result of the cross -correlation of the 7 and the 22 Qiz 
data for the complete event from 19^36”’SO.OO® to 19^38™38.40* 
UT. The cross-correlation coefficient is plotted as a 
function of the delay of the 7 GHz data. Both sets of data 
were digitally filtered prior to the analysis to eliminate 
frequency components close to zero and to the Nyquist 
frequency. The analysis was carried out using standard 
techniques and formulae for the coefficients and 
uncertainties (IBM 1968, Bevington 1969). The 5.5 s quasi- 
periodicity is indicated together with the 1.54 s delay of 
the 7 GHz emission. 

Figure 3: The major peak of the 1980 May 8 event on an expanded time 
scale showing the time delays of the 7 and 22 GHz emission 
with respect to the hard X-rays. TTie instrumental noise 
has an rms deviation of 0.03 sfu at 22 GHz and 2 sfu at 7GHz. 
The error bars shown on the X-ray data points are + one 
standard deviation calculated from the square root of the 
number of counts observed in each 50 ms interval. The time 
resolution is 50 ms for the X-rays, 1 ms at 22 GHz and 100ms 
at 7 GHz. Note that some of the ultra-fast time structure 
at 22 GHz has corresponding structure in X-rays but with a 
translation in time. 
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